In recent years, many studies on vitamin D have been published. We combed these data for hot spot analyses and predicted future research topic trends.
Background
In recent years, the research interest in studies of vitamin D functions has considerably increased. The functions of this vitamin are not limited only to its substantial skeletal effects, but are also closely related to non-skeletal effects. A growing body of literature has identified negative associations between the level of 25-hydroxyvitamin D and the occurrence of various diseases, such as obesity [1, 2] , diabetes [3] , thyroid disease [4] , coronary heart disease [5] , ischemic stroke [6] , respiratory tract diseases [7, 8] , neoplasms [9, 10] , Alzheimer's disease [11, 12] , gestational diseases [13] , digestive system diseases [14, 15] , and skin diseases [16, 17] . Vitamin D supplementation decrease the occurrence/development of some diseases, such as neoplasms [18] [19] [20] , acute respiratory tract infections [21] , and premature infant recurrent wheezing [22] . But the beneficial effects of vitamin D supplements are still controversial [23] [24] [25] [26] . The widespread expression of vitamin D receptor in various tissues of the body suggests its extensive biological effects. Many studies have shown the extensive role of vitamin D in skeletal and non-skeletal tissues [27] [28] [29] [30] .
Appropriate literature sources can be used in the application of bibliometric methods and tools to judge the development status of a discipline and predict its development prospects. Coword analysis is an important method of bibliometric analysis that can identify trends and hot topics in a subject [31] . In a document, if 2 subject words co-occur, they are considered as likely to have potential relationships. Moreover, the frequent co-occurrence of 2 subject words in an article indicates their close relationship. Through the "relationship" between co-occurring subject words, statistical methods, such as cluster and factor analyses, can be applied for further analysis. More specifically, cluster analysis can be used to find the semantic relations of certain research topics. Compared with the traditional clustering methods [32] , double-clustering analysis simultaneously clusters rows and columns of a matrix, facilitating the clustering of global information [33, 34] . Additionally, doubleclustering simultaneously reduces the dimensions of the biaxial directions, requiring fewer parameters.
The number of publications in the PubMed database associated with "Vitamin D" has increased over the years. These articles contain a large amount of important experimental data, population epidemiological studies, randomized clinical trials, and other important data resources. In this study, we conducted a bibliometric analysis using a MeSH terms co-occurrence matrix, established the strategic coordinates of vitamin D, and explored the distribution of vitamin D-related diseases, trying to assess the current status of research on vitamin D and predict its future development trends.
Material and Methods

Data collection
The data used in this study were obtained from the PubMed database, a comprehensive medical database developed and operated by the National Biotechnology Information Center of the United States. We used MeSH Major Topic (major) and timelimited search strategies. Using the first search strategy, "vitamin D" 
Data extraction and analysis
Data extraction and matrix construction were performed using BICOMB software developed by Professor Cui of the China Medical University and available freely online [35] . To explore the research focused on vitamin D effects, after the data extraction, we found the most common major MeSH terms (Table 1) .
Next, we used BICOMB to generate a MeSH terms-source article matrix -the source document set was the row, and the high-frequency MeSH terms was the column (Table 2) . We then utilized gCLUTO 1.0 software -a Graphical Cluster Toolkit, developed by Rasmussen and Karypis of Minnesota Universityto perform double-cluster analysis on the MeSH terms-source article matrix [36] . Referring to previous literature [37] , we employed repeated bisection as the clustering method; cosine was selected as the similarity function, and I2 was selected as the clustering criterion function. To determine the optimum highfrequency MeSH terms classification, we repeated the search several times by selecting a different number of clusters. The external similarity (ESim) and the internal similarity (ISim) were used to optimize the results (Table 3) . Further, we generated a visualization MeSH terms-source article matrix and a highfrequency MeSH terms mountain map. Based on the semantic relations, we analyzed clusters keyword meaning and representation of the article content to obtain the class of the hot spot topic associated with vitamin D in each cluster.
Strategic coordinates
Co-occurrence analysis was used to understand and describe the relationship between the scientific topics identified. Additionally, we utilized Microsoft Excel to create a MeSH terms co-occurrence matrix ( and the inter-class link average to calculate the centrality and density (Table 5) . Two-dimensional coordinates with centrality and density were employed as parameters to construct a graph describing the internal integrity of certain topics and their interaction with other disciplines.
Results
Growth of the papers and journals "Vitamin D" [major] was retrieved from the PubMed database and 16,678 articles were extracted from 1997/01/01 to 2017/12/31. We used BICOMB software to extract the number of papers and the number of journals year by year, and then statistical analyses were conducted. An explosive growth has been observed in the number of the research papers in the past 10 years ( Figure 1A) , and the number of journals has also grown rapidly ( Figure 1B ).
Trends in research on vitamin D
"Vitamin D" [major] was retrieved from the PubMed database, and 4625 documents were found to be released from 2015/05/14 to 2018/05/14. BICOMB software was employed to extract a total number of 11 961 MeSH terms with a cumulative frequency of 76 125 times from 4625 articles. Referring to the definition of the H index, proposed by the American physicist J. E. Hirsch in 2005, we considered the subject whose frequency was greater than its rank to be the high-frequency MeSH terms. In the topic word list, the top 90 were selected as high-frequency MeSH terms, and the cumulative percentage of the frequencies appearing in the literature was 49.23% (37 473/76 125) ( Table 1) . Based on the co-occurrence of these high-frequency words in an article, we established a MeSH terms-source article matrix. The number "1" in the cell indicates that the word appeared in the article, and "0" indicates that it did not appear. Then, we established a MeSH terms cooccurrence matrix in which numbers represented the number of co-occurrences between the 2 words (Table 4) .
We used the gCLUTO software to perform bi-cluster analysis on the MeSH terms-source article matrix derived from the BICOMB software. The 90 high-frequency MeSH terms were divided into 5 clusters, and then a visualization matrix and a mountain map were generated. In the visualization matrix, the colors represent the values in the original data matrix. The gCLUTO is represented in white when close to zero, whereas the progressively deeper red indicates a larger value. The rows of the matrix were rearranged so that the same type of MeSH terms is lined up together, and the black horizontal lines separate the clusters. A heat map of the double-cluster visualization is illustrated in Figure 2 shows, where the hierarchical tree on the left describes the relationship between these highfrequency MeSH terms, and the top-level hierarchical tree denotes the relationship between the articles. This image represents the semantic relationship between MeSH terms and articles used to identify and summarize topics for each cluster (Table 3 ). In Figure 3 , the 90 high-frequency MeSH terms displayed by the visualization matrix are clustered in peaks that represent 5 clusters numbered from 0 to 4. The distance between peaks, the volume, height, and color of the peak are all used to describe the information of the associated cluster under the preset conditions. The distance between peaks indicates the relative similarity of the clusters. The height of each peak is proportional to the internal similarity of the cluster. Furthermore, the volume of the peak is proportional to the number of the major MeSH terms in each cluster. The color of the peak domain indicates the standard deviation within the cluster's objects, the red indicates low deviation, and the blue shows high deviation.
In addition, according to the connotation of the major MeSH terms and the semantic relationship between them, and the We established topic strategic coordinates (Figure 4 ) based on the double-clustering results and the MeSH terms co-occurrence matrix. The horizontal axis of the strategic coordinates represents the centrality, and the vertical axis represents the density. Centrality measures the degree of closeness between each cluster of MeSH terms and other clusters of MeSH terms and expresses the degree of interaction between a subject area and other subject areas. Density is the degree of closeness of the MeSH terms within each cluster and indicates the ability of the class to maintain itself and develop itself. As show in Figure 4 , cluster 0 is in the first quadrant; cluster 1 and cluster 3 are located in the third quadrant; cluster 2 and cluster 4 are in the fourth quadrant.
Distribution of vitamin D-related diseases
In addition to the above analysis, we retrieved 1,938 articles using "vitamin D Alzheimer's disease, cognitive decline, mood disorders; 5. Gestational diseases such as gestational diabetes, pregnancy-induced hypertension, pregnancy and offspring disease risk; 6. Infections such as non-specific infections, hepatitis B, hepatitis C, tuberculosis; 7. Urologic diseases such as uremia, acute kidney injury, benign prostatic hyperplasia; 8. Circulation system diseases such as myocardial infarction, coronary heart disease, hypertension, atherosclerosis, cerebral hemorrhage, cerebral infarction; 9. Digestive system diseases such as inflammatory bowel disease, pancreatitis, non-alcoholic fatty liver, liver cirrhosis; 10. Respiratory tract diseases such as asthma, bronchiectasis, sleep apnea-hypopnea syndrome, chronic obstructive pulmonary disease; 11. Skin diseases such as psoriasis, keratoses, atopic dermatitis, vitiligo, alopecia; 12. Other diseases.
As can be seen in Figure 5A , the cumulative proportion of the musculoskeletal diseases, neoplasms, skin diseases, endocrine and metabolic system diseases, and urologic diseases was 90.7%. The cumulative proportion of musculoskeletal diseases and neoplasms was 59.3%. As shown in Figure 5B , the cumulative number of the 11 listed diseases accounted for 90.6%. We found that in the category of endocrine and metabolic system diseases the following diseases were prevalent: diabetes mellitus, obesity, thyroid disease, and polycystic ovary syndrome. Their cumulative proportion was 92.1%, of which diabetes mellitus accounted for 50.5% ( Figure 6A ). The cumulative number of tumor subtypes listed in the neoplasm category accounted for 90.1% of the tumor-related literature ( Figure 6B ).
Discussion
In the past 10 years, an explosive growth has been observed in the volume of the research literature on vitamin D, and the number of journals has also grown rapidly (Figure 1 ), indicating that increasingly more researchers have begun to pay attention to and study vitamin D effects on humans in recent years.
To analyze the literature related to vitamin D that had been published in the past 3 years, we used BICOMB software to extract the MeSH terms-source article matrix and MeSH terms co-occurrence matrix. Additionally, we applied gCLUTO software to perform double-cluster analysis to obtain 5 major clusters, which were further sub-divided into 7 topics. Then, based on the double-clustering results and the MeSH terms co-occurrence matrix, topic strategic coordinates were established. As can be seen from Figure 4 , cluster 0 is in the first quadrant and has high centrality and density, indicating the topics 1 and 2 are in the mature and core areas, and they are the most popular trends in vitamin D research. Cluster 1 and cluster 3 are located in the third quadrant, indicating the topics 3, 4, and 6 are located in the relatively cold marginal and immature regions. Clusters 2 and 4 are in the fourth quadrant, and, although the 2 topics have low densities, they have high centrality, suggesting that the internal trends cannot be self-contained, in combination with other types of research topics. However, the subject of this study is still in its infancy and has huge potential for development and substantial importance in research on vitamin D. Among the 2 topics mentioned above, cluster 2 has greater centrality than cluster 4, indicating that the former has a closer interaction with other research topics and has a greater potential for research.
We analyzed the distribution of vitamin D-related diseases from 2002 to 2005 and from 2015 to 2018. As shown in Figure 5 , a relative reduction from 36.1% to 14.0% was observed for this period in the number of studies on musculoskeletal diseases.
The subject of vitamin D-related diseases has undergone drastic changes and has changed from effects on skeletal to nonskeletal tissues over the last decade. Over the past 3 years, the cumulative proportion of the endocrine and metabolic system diseases, musculoskeletal diseases, neoplasms, and neuropsychological diseases is 50.4% and has become a subject of increased research interest for investigations of vitamin D-related diseases, suggesting that these 4 types of diseases are more closely associated with vitamin D. In the category of endocrine and metabolic system diseases, the proportion of diabetes mellitus was 50.5% ( Figure 6 ), and in all vitamin D-related diseases, the frequency of diabetes mellitus is second only to bone diseases, indicating that diabetes mellitus has a great potential correlation with vitamin D. In the neoplasm category, the cumulative proportion of breast, colorectal, and skin neoplasms was 51.2%, meaning it had become a popular subject of studies in the field of vitamin D-related neoplasms. As show in Figure 5 , the range of vitamin D-related diseases significantly increased between 2015 and 2018, and neuropsychological, circulation system, and gestational diseases, as well as infections and respiratory tract and digestive system diseases, have become new research trends.
The hot and the unpopular topics are constantly evolving. As the epidemiological studies of "vitamin D deficiency" and " association of vitamin D with various diseases" have increased dramatically and the research in this area has matured, use of vitamin D for prevention or treatment might have increasingly started to attract the attention of researchers. According to the distribution of the vitamin D-related diseases and strategic coordinates established in our examination, we speculate that vitamin D has important potential research value in the prevention and treatment of some diseases, especially diabetes mellitus. In addition, with the increasing body of research on the correlation between vitamin D and diseases, and the prevention or treatment of diseases by vitamin D administration, research on the molecular mechanisms and signaling pathways of vitamin D may gradually increase and deepen; related reviews have already appeared [27] [28] [29] . In a recent study, scientists found a new mechanism of interaction between vitamin D receptors and chromatin-associated proteins [38] , which may lead to more explorations of the molecular mechanisms of vitamin D action.
Due to limitations in research methods, this study might have overlooked some of the emerging fields of research with high potential, such as molecular pathological epidemiology (MPE). MPE is a discipline combining epidemiology and pathology, whose approach associates potential risk factors with molecular disease pathology [39] . A major value of MPE resides in the better definition of phenotype that it provides, which can improve our understanding of disease etiology from host susceptibility and exposures [40] . MPE will not only enhance our understanding of the pathophysiological roles of the interactions among the environment, host, and tumor, but also promote the development of preventive and therapeutic strategies for precision medicine [41] . The approach of MPE will possibly play an important role in vitamin D-related studies.
The co-word clustering analysis of high-frequency MeSH terms is a new method of analysis, and there still may be some degree of prejudice that prevents researchers from choosing vocabulary when writing. Due to the smart limitations in the PubMed database retrieval system and the absence of other database retrieval results, the data set in the present study may be incomplete. In addition, the quality of the articles in the PubMed database is not uniform and some deviations might exist in the results of the research.
Conclusions
In this study, we summarized 5 categories and 7 popular trends for vitamin D research. We found that the population epidemiology study of vitamin D deficiency and vitamin D-related diseases has attracted extensive and active research interest. The use of vitamin D in the prevention and treatment of some diseases, especially diabetes, was found to have a significant potential future research value.
